Introduction {#S1}
============

The groundbreaking reports of 5 young men afflicted with unusual opportunistic infections due to an acquired immunodeficiency disorder ushered in the AIDS era in 1981.^[@R1],[@R2]^ Affected patients rapidly succumbed to the lethal complications of opportunistic infections (pneumocystis carinii pneumonia, cytomegalovirus (CMV) disease, cryptococcal meningitis, candidiasis) and tumors (Kaposi\'s sarcoma, lymphoma).

Although most investigators correctly attributed the immunodeficiency to an unidentified microbe, it took 2 years before identification of the HTLV-III (human T-lymphocyte virus), later named HIV-1 (human immunodeficiency virus). Although targeted anti-retroviral therapy began with the introduction of zidovudine, a nucleoside reverse transcription inhibitor, in 1987, life expectancy was extended by at most 1 year. Unfortunately, many patients developed drug-induced neutropenia that frequently required cessation of therapy or prevented the co-administration of drugs with similar toxicity profiles that were given to control opportunistic infections (*e.g.* ganciclovir for CMV retinitis). As a result, long-term survival was rare.

The introduction of highly active anti-retroviral therapy (HAART) in 1996, originally defined as two nucleoside reverse transcriptase inhibitors (NRTIs) combined with a protease inhibitor (PI), and recently (2004) expanded by the DHHS/Kaiser panel to include a PI, a non-nucleoside reverse transcriptase inhibitor, one of the NRTIs (abacavir or tenofovir), an integrase inhibitor (*e.g.*, raltegravir), or an entry inhibitor (*e.g.*, maraviroc or enfuvirtide),^[@R3]^ became a watershed event in the therapy of HIV-infected patients. Successfully treated patients experienced several measurable improvements. The rate of viral replication significantly decreased and, for the first time since 1981, patients experienced reconstitution of their immune systems. As a direct consequence, the incidence rates of many opportunistic infections fell, with CMV retinitis dropping by 80%.^[@R4]^ At the same time, immune reconstitution inflammatory syndromes (IRIS) emerged, with immune reconstitution uveitis (IRU) affecting 15% to 25% of AIDS patients.^[@R5]^

During the pre-HAART era, retinal necrosis or detachment due to CMV caused more than 90% of AIDS-related vision loss. Following the introduction of HAART, the incidence of vision loss decreased by more than 50%, even after excluding patients with infectious retinopathies. CMV retinitis now accounts for only 40% of vision loss (\<20/200), cataracts are responsible for 25%, and in 10% the reason for vision loss cannot be determined.^[@R6]^ Although 10% of AIDS-related vision loss has been termed idiopathic, many investigators believe that this results from HIV damage to the retina and optic nerve.

Unfortunately, HAART fails in up to 50% of AIDS patients due to non-compliance, side effects of the drugs, adverse drug interactions, or HIV resistance.^[@R7]^ As a result, up to 69% of newly diagnosed cases of CMV retinitis are due to HAART failure, as defined by either persistently low CD4+ T-lymphocyte counts or high HIV RNA blood levels.^[@R8]^ In addition to being at risk for developing opportunistic infections, these patients experience more HIV-related complications.

Several in-depth reviews have covered the characteristics of CMV retinitis and other ocular opportunistic infections.^[@R9],[@R10]^ This manuscript, however, will discuss the characteristics and direct consequences of HIV infection and anti-retroviral treatment on the visual system.

HIV infection {#S2}
=============

HIV infection causes both activation and destruction of the host\'s immune system. The initial HIV infection is confronted by the expected inflammatory response by the host against the virus. This is characterized by polyclonal activation of both T-lymphocytes and B-lymphocytes with the release of inflammatory cytokines. Patients exhibit a 3 to 4 fold increase in the production of both CD4+ and CD8+ T-lymphocytes. T-lymphocyte turnover is promoted by the production of interleukin-6, interleukin-1, interleukin-2 and tumor necrosis factor (TNF)-α, all of which promote HIV replication. This cascade further accelerates the destruction of the immune system. Advancing infection is accompanied by further CD4+ T-lymphocyte destruction and worsening of the immune status.

Under the influence of the thymus, lymphocytes mature from stem cells and carry on their surfaces unique receptors for various antigens. On the surface of each T-lymphocyte resides 1 receptor, which is specific to a unique antigen. Healthy individuals have a register of T-lymphocytes that allow them to respond to various foreign stimuli. Thus, CD4+ cells, which are responsible for long-term memory, are responsible for organizing the immune system\'s response against specific invading organisms.

A CD4+ T-lymphocyte that has never encountered a foreign antigen is said to be at ground state (G0) and is called a naive cell. Once exposed to an antigen, the CD4+ cell activates and replicates; these clones are now considered memory cells.

As the HIV infection progresses the patient experiences a blunted response to new antigens followed by a decreased response to recall antigens. This is due to a loss of CD4+ memory cells accompanied by an inability to activate and subsequently replicate new CD4+ cells. The progressive loss of CD4+ clones puts the patient at increasing risk of opportunistic infections. Therefore, the CD4+ count is an instantaneous overall measure of the patient\'s susceptibility to opportunistic infections. Additionally, the HIV load is a predictor of the future likelihood of further erosion in the patient\'s immune status.^[@R11]^

Most of the CD4+ cells lost due to HIV infection are the naive ones,^[@R12]^ thereby decreasing the body\'s ability to respond to new antigens. With reconstitution of the immune system due to successful HAART, memory CD4+ cells are the first to increase, followed later by an increase in naive CD4+ cells.^[@R13]^ Despite apparent reconstitution of the immune system, however, gaps in the immune system\'s register frequently remain. Since thymus involution occurs during the teenage years, infected patients are frequently unable to mount an immune response to new antigens.^[@R14]^

HIV has been found in mononucleated white blood cells^[@R15]^ and HIV infected macrophages which may act by releasing neurotrophic factors, enzymes, or cytokines, or by directly releasing virions, enveloping glycoproteins, or inflammatory mediators. Elevated levels of cytokines, particularly TNF-α, interleukin-1 and interleukin-2, have been reported in the serum of AIDS patients. These cells probably play an important role in promoting HIV infection of eye and central nervous system.

A major deficiency of HAART concerns its inability to prevent HIV-infected cells of the monocyte-macrophage line from establishing latent infections within the immunoprivileged central nervous system. Monocytes circulate within the blood stream for 3 days before migrating into tissues where they differentiate into macrophages. When they cross the blood-brain barrier they differentiate into perivascular, meningeal or choroidal plexus macrophages, or microglia, after which they remain latent within the central nervous system for extended periods of time.^[@R16]^ Passage of infected macrophages into the brain, referred to as the *Trojan Horse* hypothesis, is one of the mechanisms by which HIV infects the CNS.^[@R17]^ These cells contain a potentially large reservoir of HIV that escapes surveillance by the immune system.^[@R18]^ When exposed to the correct stimulus, frequently an opportunistic infection, the macrophages reactivate and shed virions. Additionally, reactivated CNS macrophages can return to the peripheral circulation, thereby causing recurrent viremia.^[@R19],[@R20]^

Unlike infected CD4+ lymphocytes, CNS macrophages survive for weeks to months, retain their viability, and continue to shed low levels of virions. Activation of these macrophages is believed responsible for AIDS related dementia.^[@R21]^ Furthermore, CNS infiltration by HIV-infected monocytes leads to phosphorylation of junctional proteins and activation of matrix metalloproteinases, thereby causing breakdown of the blood-brain barrier which further exposes the host to opportunistic infections of the CNS.^[@R22]^

HIV can be found in most mucous membrane secretions, including semen, cervical secretions and saliva.^[@R15]^ Additionally, HIV has been found in all ocular fluids: tears, aqueous and vitreous.^[@R23]^

Ocular findings {#S3}
===============

A listing of ophthalmologic findings due to HIV can be found in [Table 1](#T1){ref-type="table"}.

Table 1HIV related lesions of the visual system are listed by location.1.Oculara.Anterior segment Cornea UlcerationDepositsKeratoconjunctivitis siccaAnterior chamber UveitisIris DepositsLens Cataractsb.Posterior segment Vitreous UveitisOtherRetina Vasculopathy HIV retinopathyRetinal vein occlusionsRetinal artery occlusionsRetinitisSubclinical loss of nerve fiber layerMacular changes EdemaEpiretinal membraneIschemiaDrug toxicityChoroidal effusionsNeuroretinal disorder2.Perioculara.Conjunctiva VasculopathyGranulomasb.Eyelids BlepharitisTricomegalyc.Other3.Neurologica.Optic nerve Optic neuritisNeuroretinitisIschemic optic neuropathySubclinical neuropathyb.Brain LeukoencephalopathyOptic tract demyelinationOcular movement disorders

Retinopathy
-----------

HIV infection leads to microvascular changes in several vascular beds: conjunctiva, optic disc and, most commonly, the retina. HIV retinopathy is seen in 40% to 100% of infected patients and has been found in 89% of autopsy specimens.^[@R24],[@R25]^ The likelihood of a patient developing clinically apparent retinopathy depends somewhat upon the patient\'s lowest CD4+ count, as retinopathy occurs in 45% of patients with counts below 50 cells/µL but in only 6% of patients with counts greater than 50 cells/µL. HIV infected children have a lower incidence of ocular involvement (20%) than do adults.^[@R26]^ Also, retinopathy is seen less commonly in sub-Saharan Africa, perhaps due to genetic differences, environmental conditions pertaining to organisms, early mortality, poor access to healthcare or fewer screening programs.

HIV vasculopathy is characterized by microaneurysms, telangiectasia, retinal hemorrhages, and cotton wool spots (CWSs) ([Figure 1](#F1){ref-type="fig"}). The CWSs may be transient, remaining visible for only a few weeks.^[@R27]^ Although most patients with retinal vasculopathy have no visual complaints, large cotton wool spots may cause either focal scotomas by preventing light penetration to the photoreceptors, or arcuate scotomas due to retinal nerve fiber layer damage.

Figure 1Several cotton wool spots, typical of HIV retinopathy, are seen in this photo.

Vision loss due to microvasculopathy is usually mild and insidious but ischemic maculopathy, characterized by multiple cotton wool spots and blot hemorrhages near the fovea, may cause sudden loss of vision in 3% of patients.^[@R24]^ The presenting visual acuity in these patients may range from 20/20 to counting fingers, with final visual acuities worse than 20/200 in 5 of 7 cases.^[@R7]^ Two cases of extensive bilateral retinal ischemia due to HIV have been described.^[@R28]^ Ischemic maculopathy has also been described in a patient with zidovudine induced anemia.^[@R29]^ Numerous large cotton wool spots may sufficiently damage the nerve fiber layer to result in optic disc atrophy.

HIV can cause a non-progressive, non-hemorrhagic white-gray or yellow, multifocal peripheral retinitis with vitritis and retinal vasculitis that resembles syphilitic retinitis.^[@R30]^ Unlike HIV retinopathy and CMV retinitis, these findings occur in patients with CD4+ counts greater than 120. As expected, this retinitis responds well to HAART.

Serous detachment of the macula and macular edema can be seen with IRU. Though laser photocoagulation treatment of macular edema has been attempted, treatment is probably ineffective.^[@R24]^ Ciliochoroidal effusions have been seen, though the reason for their formation is unclear.^[@R31]^

Although retinal arterial and venous occlusions in AIDS patients are most often associated with CMV retinitis and lymphoproliferative disorders, they have been identified as isolated findings. Central retinal vein occlusions are believed to occur in 0.64% of AIDS patients, a rate similar to an older segment of the general population (\>50 years). Three cases of branch retinal vein occlusions were reported by Park *et al.*^[@R32]^ Although the exact reason for the occlusions is unknown, they presumably occur due to blood hyperviscosity.^[@R24],[@R32]^ Proposed etiologies for this include circulating immune complexes, clotting abnormalities, lupus anticoagulant and TNF-α.^[@R33]^

A neuroretinal disorder, characterized by a vague recognition of loss of vision combined with loss of contrast sensitivity, occurs in 12% of patients.^[@R34]^ Mitochondrial dysfunction has been discovered in these patients.^[@R35]--[@R37]^

Optical coherence tomography (OCT) has consistently detected thinning of the retinal nerve fiber in patients with observed retinal abnormalities. The greatest loss of nerve fiber layer occurs in areas that contained previous CWSs.^[@R38]^ An OCT study that measured retinal thickness at specific points that had CWSs photodocumented 10 years previously showed 43% thinning of the ganglion cell layer and 25% thinning of the inner nuclear layer.^[@R39]^ HIV patients without opportunistic retinitis demonstrate greater optic cup depth, cross sectional analysis, and discriminant analysis compared to normals. Nerve fiber layer loss is greater in patients with CD4+ counts below 100, compared to both patients with counts over 100 and normal controls (90 vs. 103 vs. 103).^[@R39],[@R40]^ Not surprisingly, greater nerve fiber layer loss occurs in patients with CMV retinitis than in those with only HIV retinopathy.

Nerve fiber layer photography discovered slit-like defects, wide sectoral defects and generalized atrophy of the retina. Although some defects correlated with CWSs, most were from areas without observable retinal pathology. Up to 40% of ganglion cells appeared to be lost.^[@R41]^ Scanning laser ophthalmoscopy has also shown NFL loss.

Several psychophysical abnormalities have been discovered in HIV patients. Patternevoked electroretinograms are diminished in early HIV infections, whereas visual evoked responses, which are normal early in the disease process, become diminished later. This suggests that HIV damages the retina before either the optic nerves or central nervous system. Pattern recognition and color vision are frequently diminished.^[@R27]^ Multifocal electroretinograms frequently reveal retinal conduction abnormalities in HIV patients. Prolonged latencies suggest that HIV-related damage preferentially involves the inner retina rather than the photoreceptor layer.^[@R42]^ Since these problems have been found in patients with low and high CD4+ counts, HAART probably does not protect the retina from HIV-related conduction damage.^[@R43]^

Impaired contrast sensitivity occurs in up to 12.5% of patients and correlates with low CD4+ counts. When compared to normals, 39% of HIV patients have diminished mean deviation and 33% have diminished pattern specific deviation on visual field testing. Ten percent of patients, particularly those with impaired contrast sensitivity, have significant decreases in reading speed.^[@R44]^ Not surprisingly, abnormalities in one measure of visual function strongly correlate with abnormalities of other functions.

The histopathologic findings of HIV retinopathy, pericyte necrosis, basement membrane thickening and endothelial cell swelling, resemble those seen in diabetic retinopathy.^[@R45]^ Although the etiology of HIV retinopathy is not completely understood, the following processes and associations have been suggested: immunoglobulin deposition, direct HIV infection of endothelial cells, hyperviscosity due to red cell aggregation, fibrinogen, leukocyte rigidity, *Pneumocystis carinii* infection, alteration of hemodynamic factors, and secretion of proteolytic enzymes.^[@R24],[@R46]^

Several testing methods, including the Heidelberg flow meter, blue field entopic phenomenon, and scanning laser ophthalmoscopy with fluorescein angiography, have measured retinal blood flow abnormalities in HIV patients. Macular blood flow appears to be diminished more than peripheral flow^[@R47]^ and both increased erythrocyte aggregation and leukocyte rigidity appear to contribute to these changes. Unfortunately these flow abnormalities are not reversed by HAART.^[@R48]^ Ophthalmoscopic examinations and technicium-99m-hexamethyl-propyleneamine oxide single photon emission computerized tomography of the brain showed a strong correlation between the number of CWSs and cerebral blood flow.^[@R49]^

It has been suggested that CWSs, which result from focal occlusions of the capillary bed, may serve as a portal for CMV entry to the retina.^[@R50]^ Since HIV retinopathy has proven to be a marker for subsequent CMV retinitis, some investigators have recommended that these patients receive eye examinations every 3 months.^[@R24]^

An autopsy study found high incidences of CMV retinitis (60%), CWSs (36%) and HIV encephalitis (20%).^[@R46]^ Based upon these rates, the authors suggested that CMV retinitis may be a marker of HIV encephalitis. Surprisingly, HIV p24 antigen was detected in the brain, but could not be found in areas of CMV retinitis, CWSs, or retinal vascular endothelium. They pointed out that other immunochemical searches for HIV antigens in the retina have shown variable results with detection in up to only 31% of retinas in some series.^[@R51]^ They contend that direct infection of the retina and pigment epithelium by HIV may, therefore, be a rare occurrence, and that this low yield may represent false positive retina cultures due to the presence of infected leukocytes that secrete damaging factors or HIV damaged proteins.^[@R46],[@R52],[@R53]^

Other studies into whether or not HIV directly infects the retina have also reached conflicting conclusions. In the central nervous system HIV usually infects microglia but, except in some pathological conditions, these cells are conspicuously absent in the retina.^[@R54]^ Experiments with human retinal microglia, however, have noted expression of CD4+, CD16+, CD64+, Cc5 receptors *in vitro* and Fclambda *in vivo*, thereby suggesting that HIV infection of retinal microglia contributes to neural damage and blood-retinal barrier breakdown. HIV infection of retinal pigment epithelial (RPE) cells upregulates phagocytosis. Since RPE cells are of neuroectodermal origin and, therefore, do not express CD4^+^ receptors, HIV probably infects RPE cells at a low level via a CD4^+^ independent manner.^[@R23]^

*In vivo* studies of HIV infection have been limited because HIV is not pathogenic in other species. Experiments in which infected human tissue is placed in the anterior chamber of rats supports the theory that neuronal damage is mediated by infected monocytes.^[@R55]^

Continued HIV replication within the retina releases neurotoxins that cause apoptosis of specific retinal cells. This *cascade hypothesis* states that replicating viruses shed gp120 proteins which are cytotoxic to mammalian neurons and produce apoptosis^[@R56]^ at subpicomolar levels.^[@R57]^ HIV infected macrophages, gp120 stimulated macrophages and cell-to-cell interactions may instigate and amplify neurotoxic activities.^[@R57]^ This stimulates the production of pro-inflammatory cytokines, including interleukin-1, interleukin-6 and TNF-α, which induce quinoloic acid production by macrophages, astroglia and other cells.^[@R58],[@R59]^ The cytotoxic effect of quinoloic acid leads to apoptosis, perhaps by disturbing glutamate metabolism or by producing reactive oxygen species thereby causing oxidative stress.^[@R60]^

Activated astrocytes in both the retina and brain release neurotoxic chemokines including CXCL10. Two regulators of CXCL10 expression include the inflammatory cytokines IFN-Y and TNF-α both of which are present in infected tissues. Another upregulator of CXCL10 release is the HIV-1 protein, Tat.^[@R61]^ Media from Tat treated R28 retinal cells induces monocyte migration and HIV-1 Tat-transgenic mice demonstrate increased glial activation and a complete absence of the retinal photoreceptors and outer nuclear layer.^[@R62]^

The presence of these cytokines suggests that the mechanism of retinal damage is similar to that within the central nervous system.^[@R63]^ Rat neuronal cultures exposed to HIV proteins show a direct relationship between protein exposure, calcium channel activation and neurotoxicity.^[@R64]^ Neuronal damage could be prevented by both calcium channel antagonists^[@R52]^ and antibodies to the HIV envelope protein gp120.^[@R65]^ Autopsy studies show that central nervous system infection by HIV leads to loss of vascular and glial cells.^[@R50]^

Neuro-ophthalmologic findings {#S4}
=============================

Neurological findings are frequently seen in AIDS patients and are usually associated with infections such as toxoplasmosis or cryptococcus, or tumors such as lymphoma. HIV, however, can infect all parts of the central nervous system. It has been found within brain tissue, has been associated with chronic meningitis,^[@R66]^ and causes vasculitis in the CNS and other tissues.^[@R67],[@R68]^ Autopsy studies show patchy loss of myelin in the subcortical white matter, astroglial proliferation, and scattered macrophages, multinucleated giant cells and microglia.^[@R49]^ These findings are consistent with a progressive diffuse leukoencephalopathy in the majority of AIDS patients.^[@R25]^

Even in the absence of other organisms, the type and degree of HIV-induced cerebral damage is sufficient to cause dementia. Additionally, the degree of synaptic damage and cognitive disability appears proportional to the HIV burden.^[@R69],[@R70]^ Together these studies suggest that HIV is, by itself, capable of causing dementia. An association may exist between diffuse leukoencephalopathy and HIV-induced damage to retinal neurons, but studies sufficient to confirm this have not been performed.^[@R54]^

Although neuro-ophthalmic disorders are found in only 3% to 8% of AIDS patients,^[@R71]^ 60% of patients with neurological disorders have abnormal neuro-ophthalmologic examinations. In fact most cases of smooth pursuit (78%) and saccade (71%) disorders within the AIDS population are due to HIV. Importantly, eye movement disorders may be an early sign of AIDS dementia.

Anterior ischemic optic neuropathy (AION) can result from multiple nerve fiber layer infarctions due to severe HIV retinopathy. However, a more common cause of optic atrophy in patients without significant retinopathy is AIDS-associated primary optic neuropathy. Generally up to 50% of axons within the optic nerve can be lost before the discs appear atrophic^[@R38]^ but even asymptomatic HIV patients have axonal loss out of proportion to their degree of demyelination.^[@R72]^

HIV-related optic neuropathy may occur more commonly than HIV retinopathy, as one autopsy study found HIV in 80% of optic nerves but only 20% of retinas. The fact that axonal degeneration of the optic nerve can occur in the absence of retinitis further confirms this belief. Whereas CWSs produce small islands of focal retinal degeneration, with loss of nerve fiber bundles in both the retina and optic nerves, the patchy, diffuse degeneration seen in the nerves of HIV-infected patients suggests a primary optic neuropathy rather than the anterograde degeneration caused by CWSs.^[@R25],[@R72]^ Autopsy studies show glial changes, including hypertrophic astrocytes, vacuolated oligodendrocytes, and mononuclear phagocyte series cells.

Since viral particles have never been detected in axons either by electron microscopy^[@R25],[@R73]^ or in situ hybridization,^[@R74]^ HIV neuropathy may be secondary to invasion by infected macrophages rather than direct damage due to HIV.^[@R25]^ In a manner similar to that proposed for retinal damage, invading macrophages may damage optic nerve axons by releasing neurotrophic factors (enzymes or cytokines), or directly releasing virions, enveloping glycoproteins, or inflammatory mediators.^[@R25]^ TNF-α appears to be a particularly potent modulator of neuronal apoptosis.^[@R75]^

HIV-related optic neuropathy occurs in 4% of AIDS patients with neurological findings and 7% of AIDS patients with neuro-ophthalmologic findings.^[@R71]^ Visual field loss that usually spares the papillomacular bundle has been discovered in 50% of these patients^[@R44],[@R49],[@R56]^ This pattern of predominantly superior and inferior field loss suggests that causative lesions are situated near the optic disc.^[@R77]^ The presence of an optic neuropathy does not appear to correlate with CD4^+^ counts.^[@R78]^ Supporting this finding is the observation that AIDS patients with neurological symptoms are not at higher risk of optic neuropathy than patients without symptoms.

Bilateral acute optic neuritis accompanied by exudative retinal detachments and macular edema has been associated with primary HIV infection. All of the reported cases responded to the institution of anti-HIV therapy.^[@R75],[@R79]--[@R81]^

A chronic, remitting multiple sclerosis-like syndrome with optic neuritis has been described. Patients responded to intravenous corticosteroids with complete recovery. Based on this, the authors recommend a trial of systemic steroids for HIV patients with recurring optic neuritis, but suggest that because of the possibility of syphilis, physicians consider the concurrent administration of penicillin, even if patients are seronegative.^[@R82]^

Even asymptomatic patients with early HIV infection have electrophysiological and psychophysical abnormalities. Abnormal visual evoked potentials (VEPs) are seen in 57% of patients with neurological symptoms and 42% of asymptomatic patients. The prolonged p100 latencies on VEPs suggest that these patients suffer from demyelination of the optic nerves. Additionally, patients often have loss of both contrast sensitivity and color vision.^[@R83]--[@R86]^ Cases of optic tract demyelination due to HIV have also been noted.^[@R87]^

Isolated cranial nerve palsies due to HIV are rare. A 37-year-old male patient developed an isolated trochlear nerve palsy which resolved after 2 months, a course which fits the criteria for a microvascular palsy. Histological findings in these cases consist of vascular endothelial cell swelling and increased cellularity which contribute to narrowing of the vessel lumen. Blood flow can be further compromised by perivascular and intravascular aggregation of HIV infected macrophages.^[@R88]^ Some authors believe that anti-retroviral therapy contributes directly to atherosclerosis.^[@R89]^

In a case involving multiple sensory pathways, a patient with early HIV infection (CD4+ count of 720) was found to have progressive degeneration of the visual, auditory and corticospinal tracts.^[@R90]^

Drug toxicity {#S5}
=============

A small number of patients have been described with retinal pigment epithelial and optic nerve abnormalities attributed to drug toxicity. Affected patients had advanced HIV disease (CD4+ lymphocyte counts \<200 cells/µL) but no history of either HIV related eye disease or ocular opportunistic infection. Toxicity was attributed to a reverse transcriptase inhibitor or protease inhibitor, usually as part of HAART. Toxicity was first observed between 19 weeks and 5 years after initiation of the offending drug. This delayed response suggests that toxicity may be related to the cumulative dose of the drug, perhaps due to abnormal metabolism or excretion, rather than an idiosyncratic reaction.

Didanosine can cause progressive well-circumscribed loss of mid-peripheral retina, retinal pigment epithelium and choroid.^[@R91]^ Transmission electron microscopy of the retina shows lamellar inclusion bodies within the cytoplasm.^[@R92]^ Deposits in the mid-peripheral retina were noted in 4 children receiving didanosine, one of whom had a depressed electro-oculogram.^[@R93]^ Annular visual field defects, corresponding to the areas of retinal atrophy, were seen. Discontinuing didanosine stabilizes the degeneration and normalizes the electro-oculogram.^[@R91],[@R93]^ Didanosine has also been associated with optic neuropathy.^[@R94]^

Three patients receiving ritonavir developed retinal pigment epitheliopathy, macular parafoveal telangiectasia and intraretinal crystalline deposits with moderate loss of visual acuity. Since ritonavir is metabolized by the cytochrome p450 system, it is believed that prolonged serum drug levels due to hepatic insufficiency may cause the retinopathy.^[@R95]^

A single case of retinal whitening was described in a patient receiving efavirenz.^[@R89]^

Anterior segment findings {#S6}
=========================

Though the retina is the most commonly affected ocular tissue, HIV patients commonly develop abnormalities of the cornea and anterior segment (50%), and ocular adnexae (25%).^[@R96]^ Commonly seen in the general population, blepharitis is both more common and more severe in HIV infected patients. Patients with B-cell deficiency are more commonly affected than those with T-cell deficiency, which may be due to either their reduced ability to clear flora or the more complex immunodeficiency-induced changes found in the tear glands. Jeng *et al.* reported chronic relapsing blepharitis in 3 patients a few months after starting indinavir. The patients experienced a drug-induced retinoid effect - desquamative or erosive chelitis, mucocutaneous xerosis, alopecia, asteatotic eczema, paronychia, ingrown nails. Discontinuing the indinavir was followed by resolution of the blepharitis in 2 patients.^[@R97]^

Acquired tricomegaly (hypertrichosis of the eyelashes) in AIDS patients may be due to the use of several drugs. Some authors suggest that an HIV protein may stimulate keratocytes and pilosebaceous structures. Some even suggest that cessation of eyelash growth may indicate effective anti-retroviral therapy.^[@R97]^

Conjunctival vasculopathy is seen in 75% of AIDS patients ([Figure 2](#F2){ref-type="fig"}). These generally benign abnormalities include microa-neurysms, segmental venous dilation, and adjacent narrowing of arterioles, similar to changes seen in patients with sickle cell disease, leukemia and ataxia-telangiectasia. Radioassays of the vascular endothelium suggest the presence of endothelin-1.^[@R97]^

Figure 2Microvascular abnormalities of the conjunctiva, such as these aneurysms, occur frequently.

Keratoconjunctivitis sicca, dry eyes due to decreased aqueous tear production - seen in \<1% of the general population - has been found in 20% of HIV infected males and 17% of females.^[@R97],[@R98]^ Most affected AIDS patients have lymphocytic infiltration of the lacrimal glands and direct HIV destruction of conjunctival cells.^[@R99]^ Some authors suggest that young patients without an underlying reason for K sicca should undergo HIV testing.^[@R99]^

Early discovery of HIV in the tears and contact lenses of AIDS patients raised concerns about possible HIV transmission with corneal transplantation, applanation tonometry and general examination techniques.^[@R100]^ Fortunately, most CDC recommended methods of contact lens sterilization, heat and hydrogen peroxide (although come chemical methods have not been tested), will also eradicate HIV.^[@R101]^ Alcohol swabs, isopropyl alcohol, ethanol, and gluter-aldehyde effectively eradicate HIV from contaminated surfaces including applanation tonometers.^[@R97]^ Since no cases of HIV transmission from tears or contact lenses have been reported, the Centers for Disease Control (CDC) have excluded tears from the list of fluids deemed to be infectious.

HIV is capable of infecting corneal and conjunctival epithelial cells *in vivo* and has been found in the cells of asymptomatic patients.^[@R101],[@R102]^ Polymerase chain reaction has identified HIV in 18% of corneas and 6% of aqueous samples. Although HIV has been found in 2% to 3% of epithelial cells,^[@R103],[@R104]^ the virus does not appear to enter via CD4^+^ or galC receptors.^[@R104]^

Since other viruses such as hepatitis B, rabies and Creutzfeld-Jacob have been transmitted via corneal transplantation, concerns over HIV transmission have naturally arisen. Current recommendations to determine the suitability of a donor include cadaveric testing with ELISA or Western Blot within 12 hours of death.^[@R105]^ Furthermore, tissue is rejected if the patient exhibited a history of high risk behavior. Fortunately, current ELISA screening of corneas for HIV is 99% sensitive and nearly 99% specific.^[@R106]^ The use of these protocols results in rejection of up to 21% of corneas by eye banks, nearly one half of these are due to HIV and Hepatitis B virological testing.^[@R107]^ Although 10 corneas from HIV infected cadavers have been transplanted, none of the recipients has seroconverted.^[@R51]^

Patients with round and reticular posterior corneal infiltrates at the level of Descemet\'s membrane, smaller centrally and larger in the periphery, have been described. These have not been associated with inflammation. All reported patients were taking protease inhibitors, which are known to cause hyperlipidemia and lipodystrophy.^[@R108],[@R109]^ Transient anterior corneal spots have also been described.^[@R110]^

Other patients have developed more severe corneal problems with bilateral peripheral corneal thinning leading to perforation.^[@R111]^ Another patient developed peripheral ulceration associated with a hypopyon. A biopsy showed immune complex deposition within the corneal stroma but no organisms. One patient presented with both peripheral corneal ulceration and a central retinal vein occlusion.^[@R112]^

An epibulbar granulomatous nodule of the conjunctiva containing inflammatory material and an eosinophilic abscess has been described.^[@R113]^ Nevirapine, a common first-line anti-retroviral drug, can cause Stevens-Johnson syndrome which severely damages the conjunctiva in two thirds of cases.^[@R114]^

Iris and macular crystalline deposits have been described in a patient with benign hypergammaglobulinemia. The authors hypothesized that HIV-mediated breakdown of the blood-retinal barrier enabled crystal deposition within interstitial tissues.^[@R115]^ The idea of BRB breakdown is supported by the presence of HIV in the iris despite treatment with zidovudine.^[@R15]^

HIV infected transgenic mice were found to have swelling and vacuolization of lens fiber cells, without associated inflammation, at 3--6 months of age. Large amounts of p24 GAG protein were found in both the lens and retina.^[@R116]^ Since the introduction of HAART, cataracts have become an increasingly important reason for vision loss and their incidence does not seem to depend upon the presence of IRU.^[@R44]^

HIV is believed to enter the eye via infected macrophages^[@R117]^ and may then find temporary sanctuary from the body\'s immune system.^[@R118]^ Intraocular HIV was detected in 32% of AIDS patients with uveitis, with higher levels in patients with retina lesions and lower levels in patients on HAART for at least 2 months. Uveitis may be anterior or combined anterior/posterior and are typically bilateral (10 eyes of 6 patients). Though none of these eyes responded to corticosteroids, all responded favorably to the initiation of zidovudine therapy. All 4 patients whose intraocular fluids (3 aqueous and 1 vitreous) were cultured tested positive for the HIV p24 antigen.^[@R119]^ A 37-year-old uveitis patient with a CD4^+^ count of 122 cells/µL and a serum viral load of 44,000 copies/mL was found to have an intraocular HIV load of 1.9 million copies/mL.^[@R120]^ Intraocular HIV replication, as indicated by intraocular viral loads greater than those in the serum, also occurs in patients with retinitis.^[@R121],[@R122]^

HIV causes rheumatic syndromes in both children and adults by directly infecting the joints, activating the immune system, or by influencing genetic or environmental factors.^[@R123]^ Affected children may have pauciarticular or polyarticular arthritis, and anterior or intermediate uveitis. Because of the high correlation between arthritis and uveitis, some authors now perform uveitis screening on all HIV patients with arthritis.^[@R124]^

Whereas transient elevation of the CD8+ count due to HIV infection may commonly occur, persistent CD8+ lymphocytosis (diffuse infiltrative lymphocytosis syndrome (DILS)) is occasionally seen. Four patients with panuveitis and CD8+ lymphocytosis have been described. Fortunately, DILS is associated with a slower progression to AIDS and fewer opportunistic infections.

Conclusions {#S7}
===========

The introduction of HAART significantly decreased the incidence of opportunistic infections, especially those affecting the visual system. Although the overall prevalence of vision loss among AIDS patients has decreased, the proportion of patients suffering loss of vision due to HIV has increased. HIV-related ophthalmologic disorders should, therefore, be considered in patients with new ocular complaints or findings, or in at-risk patients with unusual ocular diseases.

[^1]: Conflict of interest: the author has the following interests. Regeneron Pharmaceuticals: research support, Consultancy fees; Bayer Pharmaceuticals: research support.
